We demonstrate that the amplitude ργ|∂νqγνγ5q|0 does not vanish in the limit of zero quark masses. This represents a new kind of violation of the classical equation of motion for the axial current and should be interpreted as the axial anomaly for bound states. The anomaly emerges in spite of the fact that the one loop integrals render ultraviolet-finite by the bound state wave function. As a result, the amplitude behaves like ∼ 1/p 2 in the limit of a large momentum p of the current. This is to be compared with the amplitude γγ|∂νqγνγ5q|0 which remains finite in the limit p 2 → ∞. Our results can be formulated as a non-local anomaly of the axial-vector current which takes into account the bound-state properties.
The γV |...|0 matrix element of the second term on the r.h.s. of (4) vanishes to order e. Therefore, to this order, the classical equation of motion (4) predicts G V = 0 for m q = m q = 0. We are interested in the region |p 2 | m 2 q , Λ 2 QCD , in which case the quarks in the triangle diagram (which represents the matrix element of the axial vector) have high momenta and their propagation can be treated perturbatively. Since the vector mesons are boundstates, the corresponding loop graph has no ultraviolet divergence. In spite of this, we will demonstrate that the form factor G V does not vanish for m q = 0, similar to G γ . Only its behavior with respect to p 2 is different: to order e and for large p 2 we find (with M V and f V denoting the mass amd the decay constant of the vector meson)
We discuss in parallel the γγ and γV final states in order to show how the anomaly emerges in both cases. We start, as in Ref. [2] , by considering the spectral representation for the axial-vector current itself before forming the divergence. In distinction to [2] , where the spectral representation in p 2 was considered, we use the spectral representation in the variable q 2 2 . This allows us to take the bound state properties into account. 1 We use the following notations: e = √ 4παem,
A. The absorptive part of the triangle amplitude
The amplitude of the single-flavor axial current between the vacuum and the two-photon and the photon-vector meson states, respectively, can be written in the form * β (q 2 )
The absorptive part t ναβ of T ναβ is calculated by setting the two quarks attached to the external particle with the momentum q 2 on the mass shell, see t ναβ is our basis for the spectral representation of T ναβ in terms of the variable q 2 2 . The coupling at the vertex β is γ β eQ q if the particle 2 is a photon, and −γ β g(q
2 ) will be further discussed below. By taking the trace and performing the integration over the internal momentum in the loop it is straighforward to obtain t ναβ . The result is automatically gauge-invariant
It is therefore possible to write the covariant decomposition of t ναβ (q 1 , q 2 ) in terms of three invariant amplitudes
This Lorentz structure is chosen in such a way that no kinematical singularities appear. We take γ(q 1 ) to be a real photon, q 
B. The triangle amplitude and its divergence
The full amplitude T ναβ (q 1 , q 2 ) has the same Lorentz structure as its absorptive part
The absence of any contact terms in T ναβ can be verified by reducing out one of the photons and using the conservation of the electromagnetic current. The invariant amplitudes C i can be represented by the following dispersion integrals 2 The full vertex has the form [3] 
, but the term proportional to (k1 − k2) β does not contribute to the trace.
All the integrals converge and thus need no subtraction. Taking the divergence of T ναβ we find
The form factor G defined in Eqs. (2) and (5) now reads
For the γγ process ζ(s) is a constant. The integral can be performed and gives the well-known value shown in Eq (3). In the case of the γV matrix element the integrals converge even better since g(s) which appears in ζ(s) descibes the spatial size of the vector meson. We conclude from Eq. (15) that the divergence of the axial-vector current is nonzero for m q = 0 not only for the γγ but also for the γV final state! Namely,
The behavior with respect to p 2 is however different from the γγ case and has the form G V (p 2 ) ∼ 1/p 2 for the large values of p 2 where our formula applies. For the transition to the γρ (isospin-1) arising from the isovector axial current we obtain
The parameter κ in this equation is non zero for m q = 0 and |p
Eq. (17) 
The diagrams of Fig 
The leading-twist distribution amplitudes g
give the main contribution for large p 2 and lead to the value κ = −2. The corrections to this value are calculable in terms of the higher twist distribution amplitudes [5] .
Summing up, our main results are as follows: The divergence of the axial vector current and thus the form factor G does not vanish in the limit m q → 0. This holds for the γρ final state as well as for the γγ final state. The observed effect for vector mesons requires a proper modification of the equation of motion for the axial current. This 'bound state anomaly' can be described in terms of a series of non-local operators appearing at order e (there are no local operators of the appropriate dimension):
